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FOREWORD

The Natinnal Seience Fondation Tas been engaged foemore than bwo
deeaddies i estensive eolleetion and analysis program pertining fo the
Naliun's seience i !Hlnnlnm resaures, The Iihu]llnu stalistical dat
sorivs e analvses hove heen used widely as ols innational, Federal and
tnstittional poliey formulations. Effarts have tended To-concentrate on
exantinations ol cuevent situations and past rends, However, s the ped for
ceplcling possible Tutare tresls Tecane increasingly evidenl, o modest
projection program was started. Duvelapment of wethadolgies and uclinl
projections ol seivnce and engineering manpower represented e il
autpuls ol the prgram, This publication repurts ona different st namely
projection elforts in the R&D expeniliture domiin,

This Tomeast, Tikiany atherattenpled projeson of national R& funding
pitleans, cannol cope with unpredictable faclars, such as public perceplion of
hee value f R&D or major international conflicts, thal can significantly affect
Rad) expenditume levels, However, the methadulagy used includes shudies of
pist telitionships belween Rad) funding and other enmomic variables and of
the fagtors respansible for these relatinnships. Assessments were madeol e
exlent fn which the same factors mightimpact thesystem during future years,
inclnding a series of discnssions wilh knowledgable Goverament s
industey oflicils,

The report summarizes e puethodolopy ant findings of this study and
provides projecied R&D expenditures fur (he year 1985, As i uny foreeast,
projected Tigures depend heavily on he nssumptions made. In this sase, some
of these assumptions involve significint chinges from rerent Trends such i
expecled inerenses invonslant dollar total R&D expenditures, primarily inthe
defense aren. Changes in (rend direction are also expecied in the sectoral
distributionof Federal R&D Tunds where the long decline in the shareof Tund s

allocated to industry is expected to stap, while the previously ingreasing
shares of Federal intramural Taboratories and academic institutions are
agsumed 10 remain level, There has been factual evidence Tor these trend

ERIC

8

chingues i recenl yenrs, it anly forvere T led periods of time which mak o
ieir continmation a matter of some nncertainty, 7le nssumptions used and
Wi sensitivd by ol the projecterd folal REE expendifnres to these assumptions
ar iz in e introduction of the weport.

1 ot he emphasized Wbt prajections: shoekd nol be: considersd
preddistions Decase of thete depencdenes on o specific methodology and a
sories of spegtlie assumptions whose validity is a matter of subjective

iudgment. Conseguently,profee eld numerieal fignres should be regarded with
catling sl should certainly nat hecansidered as procise indicators, Instead,
ey should e usecl an rouggh fndications of relative magnitudes of possible
fyture Rl lovals. 10 is also chear that these peojectivns must be reexaminel
swithin o few yeirs to assess whether the expocted changes, isherent in some
of thee wssumpthns, e dadved of o sufficiently ling-lerm nature o justily
Ieir use over the entire 10-year periodl.

{1 shoald be kep in mied that this seport discribes carly elforts of the
National Selence Foundation to peoject R&D expenditures. Consequently, he
methudology is experimental and can undoubtedly be improved, Gomments
o possihle provements will be groally appresinted and would help in the
dovelopment of future projections. The Foundation wanls tv exlend its
anpreciatio: to e wang Government and industey Rel) officials thal have
.1Iw.u|v provdend s ful information bused o their insight and experfence.
The projections hemselves wer develaput in the ReD Econonie Studies
Section [Willinm Lo Stewar(, Head ) of the National Seience Foundalon's
Division of Seience Resources Studies,

Churles . Falk
Direclor, Division of Seience
Resournes Studies

June 1976



acknowledgments

This reporl was prepared by John R, Chirichiello, Associate Study Direclor,
Industry Sludies Group, under the general direction of Thomas ], Hogan,
Study Direstor, ndustry Studies Group.

11



CONTENTS

FUTIL RED e e i oo oot s s e s

Mnuulngtnrmg e
Devly pren| nfR&D &Hlt“i]{xlhﬂ% fnr lqt IR
Devlypment of 1985 Siles Eslimutes oy R&l !’anrmmg
Minulae Weimg COMPANIES . oo arniagrin s

NOMAMEIE ALY 2 e e vs e e i s e e s e
FIDRAL COVERNMENT . oo v v v i
Disributin by Pefommer , .
UNIVERSTIES, COILEGES, AND OTHER NONPROFIT
INSTTTUTIONS . G e e

Unlvemsits and Colleues,.m..
Otler Nomprofit EMAMENS .vyos oo

SILECTED TABLESAND REFERENCES . voeiiviiviniiinnn,

Page

".“;(H‘;i

vae

1 Total R&D funds, by souree ovvvvi s
Totnl RED fundds, by perfonner ..ovvvvvninsere i

4 Enterpriseestablishment sules comparisons oo,
i Sules estimates: 19405 .‘ T S PN
Industry R&D eslimates: 197485 . oovioioiniianen
Federal RabyFecoral goods and services: 195375 ...

) Focderal research und development, by performer ..o

Non-Federal exponditueos for resonrch and development af
universities and colleges, by source: selocled yoars . oo 3

11 Non-Federl expondit uros for resenrch and developmunt al
nonprofit Instilullons, by source: selectod years o0 iii,

Page

Teinawin g 2[]

4

3 Inclustry~financed R&Drsales ralios oo

LI 22

IEERIRERIEL] 22\
IENENTRTRE] 23

Percent distribution of Fedoral research and dovelopmend, by
Pcr[nrl“[}“ 195‘\!-76 PP et vid et gterigi

[ERERERE] 24

Rt




SUMMARY

* R&D expenditures throughout the four major sectors of the
economy are projecter 1o reach over $38 billionin 1985, as measuredin
terms of 1972 dollars, averaging a 3-percent annual growlh between
1974 and 1985, |

» The gradual decline int heratio of R&D expenditures to thegross
national produst (GNP experience since 1964isexpected lo continue
through 1985 as the GNP is projected to show a more rapid increase
than RKD expenditures, By 1985 research and development us @
petwent of GNP s projecied to be 20 percent compared to the 22
pement experted in 1976,

o [ndustrial R&D spending is expected b grow al an average
annual rale of .5 percent belwesn 1974 und 1985, mainly beciuseof a
profected annual increase of 6 percent in the chemicals incustty.
Nonmanulactuting industries, while representing 4 small shareof the
total, are also expected Lo show substantial annual growth in R&D

expendilures of about 6 peroent,

® Foderal R&D programs are expected 1o inerease by some 39
percent from the $14.5 billion in1974 to §19.3 billion in 1985, or by 2.6
petien{ per year, Defense spending, which accounls for 70 persent ol
the Fecleral R&D total, is the major cause of lhe peojecied increase,
Inclustry Is expected to remain the majorperformer of Federal research
and evelopment with over 50 pertent of the Feorsl totl, All
petformers’ shares are expected to rernain relatively stableuntil 1045,

v These projections indicale a leveling of R&D spending by the
Nalion's universities and colleges and other nonprofit institutions,
incrasingonly an average of 1 percent per year throughout the 1974-
85 period. Federal R&D suppor! of these institutions is projected to
incroase somewhai faster than non-Federal R&D suppartbet ween 1974
and 1985,

RE&D EXPENDITURES
(Billions of 1972 dollars|

KB

Universities, colleges, and
other nonprofit institutions

10

= |ndustry ——

—— Fetol ——

1905
PROJECTED

1
ACTUAL

SOURCE: Nitienal Sclence Founditin.




~ INTRODUCTION

Research and cevelopment s defined by the National Science
Foundalion (NSF)as intensive study directed toward fuller scienlific
knowledze as well as the systematic use of this knowledge directed
toward the production of materials, devices, systems, or methods.
Since 1959 NSF has carcled oul a programofintramuraland sponsored
surveys ol R&D spending, 11 has become increasingly evident during
recent years thel the supporl pattern of R&D activities within the four
major seclors—industry, government, universities and colleges, and

other nonprufit organizations—is undergoing a marked change. For
example, decreased emphasis on defense and space R&D efforls has
been accompanied by increased support of civilian oriented R&D
activilies concerned wilh the numerous sacial problems facing the
Nation.

An examingtion of likely future R&D spending levels is psgentiol

for theassessment ol long-lerm R&D manpowerand facilityneeds. T'he = -

R&D projections presenled here have been developed through the use
of relationships between existing dats on R&D expenditutes andother
economic variables inindustry and the Federal Governmenl, and the
use of recenl historical R&D expenditure trend information for
universities and colleges and other nonprofil institutions,

The 1985 estimates of fotal R&D spending in the econcmy were

delermined by separalely projecting R&D spending of each sector and
then summing each of the seclor projections. Projections of R&D

spending in the private sectors exclude expenditures on fecerally
sponsored R&D projects. Within the industrial sector, essentially the
only non-Federal source of R&D spending is industry’s own funds;
these were projected separately. Within the university and college
seclor, the non-Federal sources of R&D spending are industry,
nonprofit, and institutions’ own funds; each source was piojected
separately, Within the nonprofil sector, the two non-Federal sources
are Industry and nonprofits' own R&D money; once again eacholthese
sources was projected separately. Projections of Federal R&D
expenditures were computed on the basis of total FecleralR&D outays,
withou! regard to the seclor in which the work is actually performed.

The major consideralions and related assumptions associaled
with these projections are summarized in the following table, Also
shown are sensilivity measures of these projections as they are
alfected by the various assumed parameters, These sensitivity
measures show likely changes in the [inal projections, assuming a

change in only one variable, while holding all other variables

unchanged.

For some addilional insight into projections of R&D spending, the
ceader is referred to Charles E. Falk, "Dynamics and Forecasting of
R&D Funding." Technological Forceasting and Social Change, 1874,




Summary of Projections Methodology

Assumptions/Mathads

Rationale

Seﬁsiﬁvitv

A Industry .
1. Industry RED/ Sales ratios

a)  Drugsand medicines ’
Machinery
Elactrical equipmant
Scientific instruments
Alf other manufacturing
industriss

bl Industrial chemicals
(ther chamicals
Mator vahicles
Aircraft and missiles
Optical and other instruments

1, Salksdefation

3. Indusgirysales
8 Product vs. industry basls

bl By 4-digit industry

¢} Enterprise vs, astablishment
basis

d  RE&D performers vs. non-RED
parformers

Industial R&D growth is propartional to sales
growth, It is assumed that the ratio of 2%,
which has been relatfvely lavel for the last 15
yaars, wil hold for 1985 for myrufactining
industies' total,

L}

Projecions of 1985 ratios were based on trend
analysls of 1067-74 data.

Projections of 1385 RE&D/sals ratics were
based o expectations of officials within these
industries.

Conversion of sales projactlans to constant
dollars assumes an inflation rate of 4.6%
annually between 1974 and 1385.

Product and industry shipments would
inctoase at sarma rate betwaen 1974 and 1985,

Al inclustries for which sales astimatasare niot
avalable (15% to 0% of the total) woud
increase &t the same rate as those far which
sales astimates are available,

Enterprise and establishment; sales would
incroase by the same relativa rales between
1974 and 1995 as they did between 1358 and
197,

Sales of both groups would incresse at the
same rate betwaen 1974 and 1965,

Historically, variations in R&D/sales ratios
have stayed within + = 1% of the 2%
average.

Analysis provided results Gimiat to expects-
tions of officials within thess industries,

Regression resultad in ratios considared to ba
unreasanable by industry R& D officials.

Assumption was besed on Goverament
{Bureau of Labor Statistics and Department
of Commarce) estimates of inflationary
trands,

Historically, product and industry shipments
have changed at ahout the sare fate.

Historical data covering the 1968-67 pericd
show both groups increasing &t similar rates.

Historical data covering the 1958-67 pariod are
ihe latest availabla data,

Historical data for the 195067 perod shaw
sales of both groups increasing at similar
rates.

10% change in ratio in 1985 results in 5% varia-
tion in totel RED funding.

10% change in ratio in 1985 resulis in varigtions

i totat RED funding ss follaws:

Drugs and medicinas 02%
Machinery T
Electrical equipment B%
Scigntific inatrumants 0

All other menufacturing 2%

10% changein ratio in 1385 results in variation in
total RB0 funding a2 follows:

Ingustrial chemicals 05%
Other chemicals 2%
Motor vehicles B%
Aircraft and missiles 2%
Optical and other nstruments 2%

10% change In 1974-85 rate of inflation results in
2% variation in total R&D funding in oppesite
diraction.

10% change in rate of growth batwsen produst
shipments and industry shipmants results in
variations of totel RED funding of 0.2% In 1985.

10% changa in growth results in variations of
total R&O funding of 0.3%in 1985.

10% change in 1t of growth resuts in variation
in total RED funding of 1.6% in 1385,

10% change in rate of growtﬁh‘ results in vari-
tion of total RED funding of 1.6% in 1385,




Summary of Projectiona Methodology - Con.

7 ggéqfnpjiaﬁs/Msthcés

__Rationale

| isanaifti\)'iﬁ -

A, Industry = Con,

4 NonmanufacturingRED

§. Fadaral Government

L. Unlversityand Coflsge

D. (Other Nonprofit Institutions

RED funds would be 3% of manufacturing
total in 1985, based on tend regression of
1967-74 data.

Federsl R&D proportionl to Federal pur-
chases of goods and senvices,

Non-Pederal sgurces would increase to 1985
atthe 1972-76 annualrate.

Non-Fedatal sources would remain lavel -

between 1974 andl 1385,

Regression results in 1385 ratiﬁ_t_onsiderad
raasonable, based on growing R&D involve:
mentof nonmanufacturing firms,

R&D s a purchased service. A comparison of
Federal purchases and RED fumﬁn_ﬂ shiwi
strang correlation over 196375 patind.

Studies of universities’ financlel conditions
support assumption for univarsities' own
funds; industry and nonprofit baged on past
trands.

RED funding from non-Fedaral spurcas fof
1968-75 perigd indicates leveling off around
the 1574 amaunts,

10% change In ratio results in variation of total
RED funding of 0.1% In 1885.

10% change in Federsl purchases of goods and
services results In variation of 6% In total R&D
funding in 1985, '

10% changa in rata of growth results In essantial
}y no variation In totel R&D funding n 1985.

10% ¢hange in rata of growth rasults In 0.1%
variation in total A&D fundingn 1965,




TOTAL R&D

In 1974 the combined R&D expenditures of all sectors of the
economy fotaled $32.3 billion, the highest level of spending lor
research and development ever recorded. In constant dollars, as
mensured by the use of the GNP price deflator, there has been a 1.3
percent average annual decrease from the peak reached in 1968,

The next 11 years are expested Lo shaw a gradual turnaround in
this {rend with nalional R&D expenditures averaging & 2.9 perten!

To demonsirale how changes in the level of R&D investment
compare to lolal economic activily in the United Stales, R&J
expenditurss are shown as a percentage of the GNP over time. ince
1964 the ratio of U.S. R&D expendilutes 1o the GNP has shown &
gradual decline ltom 3.0 percent, reaching 43 percent in 1974, This
decline is projected to continue, reaching 40 percent in 1985,

As showt in the churl, all sources of R[N funding are projected to
inceease belween 1974 and 185, with the majur gains vegistered by the
Federal Government and industry, R&D funding by universilies and
colleges and other nonprofil institutions ase axpected to increase only
slightly betwoen 1974 and 1985,

In the sections that follow, individual seclor projections com:
pristng these national estimates and \heir raspective methodologis
are deseribed in delail.
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Total R&D funds, by source
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INDUSTRY

R&D expenditures from industry's own funds ure expected to tolal
$17.6 hillion in 1985, measured in terms of constant 1972 dollars, This
amount, when compared with the level of company-funded rescarch
and development in 1974, represents un increase of 46 percent, or an
avernge annual growth of 4.5 percent between 1974 and 1985 {table 2),

These projections were arrived at through two approaches
applying similar methodalogies to two sets of data, In the first, R&D
expenditures of all manufacturing industries were treated as a single
entity and their projected totals were added to totals for all
nonmanufacturing industries, Then, to provide further insight into
individual manufacturing industries and lo serve as a check on the
results obtained in the first methodology, individual projections were
made for the largest R&D-performing industries and the remaining
smaller performing industries as a group. These totals were then added
o the estimates for nonmanufacturing industries developed in the first
methodology. As will be demonstrated, both methodologies produced
comparable projections for R&D expenditures for 1985,

Both sels of projections of industry research and development
include only those R&D activities performed within industrial
laboratories with industry's own money. Industry R&D support
provided to universities and colleges ur other nonprofit institutions is
included with the projections for the university and college and other
nonprofil sectors,

The flow chart identifies the major steps taken to arrive at 1985
industry R&D estimates.




Derivation of 1985 estimates of company R&D funds

]
Historial Lurrent il Historical growih A Histarical ratios, Current and
» . Congtirit dallar/ A I - ;
filtis furture geonon estatlishment siles “oNP factor nonmanufaciuring/ luture econamic
N il Lot anid rileranse siles B inanufacturing candition
i [— e
Ratio Current-duliar change
unterpnse silis/ in establishment
pstablishment sales . sales 1974-85
Constant: tlalldrchanqp
in establishment
sales, 1974.85
g Constant-dallat change Constant-dollar change
e : if enterprise in R&0 perfarmers I e e
‘ sales, 197485 sales, 197485 B
RED sules Sales of RED
ratios. 1985 narfoimers, 1974

Nonmanufacturing/

o — = Nonmanufacturing ; manukacturing
ReD, 1982 raios, 1985
Manufacturing |
: RHD, 1985
Sales of RED
perfarmers, 1985
. Total compaty
RED funds, 1985
SOURGE: National Science Foundation, ' - :
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Manufacturing

The basic methodology for projecting manufacturing industey's
R&D spending was to apply a 1983 estimated R&D/sales ratio for all
manufacturing industries to 1985 estimated sales data for those
industries. This technique was repeated for individual two-and three-
digit industries' and ylelded data consistent with the totals obtained
by projecting total R&D data for all manufacturing industries ($17.1
billian for the former and §17.4 hillion for the latter),

Analysis of survey data spanning a period of more than 20 years
reveals a positive correlation (0.9) between the amount of industry
money spent for research and development and industry's net sales:
For example, between 1967 and 1974, the ratio of R&D spending to net
sales for all R&D-performing manufacturing companies has ranged
between 1.9 percent and 2.2 percent, When looked at by individual
industry, this ratio has also remained relatively constant,

Even when examined back to 1960, the company-funded
R&D)/sales ratio for all R&D-performing manufacturing companies has
remained at about 2 percent [table 3). A lack of comparable data for
individual industries prevents examination of the ratios prior to 1967,
The U.S, Bureau of the Census, however, has classified each company's
tolal R&D activities since 1967 inlo the one-industry category
representing the company's major business in 1967.

1 Based on the Standard Industrial Classificalion (SIC) industey codles.
 See National Srience Foundation, Research ond Develapment in Industry (Washington,
D.C. 20402 Supt, of Documents, U, Government Printing; Ofce, published annually

DEVELOPMENT OF R&D/SALES RATIOS FOR 1885

In the first set of projections, R&D/sales ratios for all manufac-
turing industries during the 1960-74 period were found to vary no more
than 10 percent in either direction from a 2-percent average. In view of
this stability evidenced over time, it was assumed that this ratio would

still be applicable in 1985,

Projections ulilizing individual industry data were computed from
data on R&D expenditures and net sales for the years 1967 through
1974, The linearity of the relationship between these two factors is
demonstrated by the figures in the chart, Based on these observations,
the 196774 data were extended by industry to 1985 to obtain ratios for
that year. For the drugs and medicines, machinery, electrical
equipment, scientific instruments, and all other manufacturing
industries, the 1967-74 ratios varied only slightly around theaverages
for those years, These averages resulted in ratios which industry R&D
officials accep! as reasonable expectations for the actual ratios in 1685
(table ).

Examination of projected ratios for other industries and dis- .
cussions with company R&D officials concerning future R&D spending
{n their industries, however, lead to the rejection of the average for
industrial chemicals, other chemicals, motor vehicles, aircraft and
missiles, and optical and other instruments industries. Linear trend
regression was used for each of these industries to obtain 1985 ratios
but was rejected in all cases. For example, linear trend regression
would lead to a ratio of zero in industrial chemicals, by 1893, in other
chemicals by 1991, and in airoraft and missiles by 1988, In the motor
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Industry-financed R&D/sales ratios; 1967-85
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vehicles and optical and other instruments industries, unrealislically
high ratios would be ubtained. For all these industries, therefore, it was
necessary {o choose alternative projection Lechniques, The one chosen
is subjective but reflects information and opinions of R&D officials in
these industries.

In the industrial chemicals industry, it was observed thal

the R&D/sales ratio over this period from 3.6 percent to 3.2 percent.
Between 1972 and 1974, however, the drop in this ratio to 2.7 percent
was largely due to major increases in sales and not to further cutbacks
in R&D expenditures, [n fact, R&D spending in this industry rose about
15 percenl over the latter period as measured in constant dollars, With
the current and anticipated energy and materials shortages, R&D
officials in this industry foresee an increased dependence on research
and development over the next decade. Estimates by these officials of
R&D sales ratios ranged hetween 3.5 percent and 4.0 percent by 1985,
On the assumption that company R&D officials may be somewhat
optimistic in Lheir forecasts relating to an aclivity they supervise, the
lower of these estimates was used to approximate the 1985 ratio.

In the other chemicals industry, company olficials interviewed by
NSF staff anticipate increased emphasis on research and development,
resulting in expectations of gradual increases in the R&D/sales ratio to
between 18 percent and 2.2 vercen! in 1985, Using the same
assumplion regarding company expectations as in the industrial
chemicals industry, the lowerof (hese estimates (1.6 percent) was used
to approximale the 1985 ratio.

Within the motor vehicles industry, company R&D officials expect
the R&D/sales ratio to increase slightly over present levels, This is
based on the assumption of increased R&D emphasis on energy

conservation and pollution abatement. Assuming optimism on behalf
of these R&D officials, the 1974 ratio of 3.0 percent was used fo

~ approximate the 1985 ratio,

Similarly, within the aircraflt and missiles industry where total
(and Federal) R&D funds dropped sharply in 1670, a number of Federal
programs suggest some increases in this industry's R&D activity over
the next decade—the B-1 bomber, the Trident missile, the space
shuttle, etc. R&D officials expect the R&D sales/ratio to reach at least
3,6 percent by 1985 and perhaps even 4.0 percent, It was felt that the
lower of these estimates would approximate the 1985 ratio.

The same basic principle was employed in the optical and other
instruments industry, R&D officials expect only modest growth in this
ratio over the next decade. Accordingly, the 1974 ratio of 5.1 percent
was used as the 1985 approximation.

Even though the 1985 R&D/sales ratios for some individual
industries represent only informed estimates, the application of all
these individual industey ratios to sales estimates results in an all
manufacturing ratio of 2.0 percent, the same ratio obtained earlier
when data for all manufacturing industries were projected asa group.



DEVELOPMENT OF 1985 SALES ESTIMATLS FOR
R&D-PERFORMING MANUFAGTURING COMPANIES

The 1985 sales estimates of R&D-performing mupufacluring
companies are hased on dalacontained in the Department of Commerce
publication, U.S. Industrial Outlook, 1976, The Commerce sales
estimates are in current dollars and are based on their curvent dollar
1985 GNP estimate of nearly §3.6 trillion, In constant 1972 dollars,
they estimale $1.9 trillion, the same constant dollar GNP a5 projested
by the Bureau of Labor Stalistics (BLS) for 1985, The estimated rate of
inflation which resulls from a comparison of these current and
constant dollar GNP estimales is 4.6 percent annually between 1974
and 1985. This is consistent with the rate of GNP inflation eslimated
by BLS and the Office of Management and Budgets The latter
estimates an annual inflation rute of 5 percent a year hetween 1974 and
1981, However, the later years are estimated at about 4 percenl. It
should be noted that the Deparlment of Commerce does not have a
written methodology available on which their sales estimates are
based, so it was impossible to assess the factors which were used in
* making these sales projections,

From these sales data, constant dollar average annual growth
rales between 1974 and 1985 wete developed for each industry, The
following assumptions were made in developing these estimates;

10t was assumed thot product shipments and industry
shipments® would increase between 1974 and 1985 ot the same rate.
The sales projections in the Commerse report were made on a 4-digit
industry basis’ and represent, for most 4-digit industries, the value of

e

* Department of Labor, Bureau of Lubor Gtatistics, Monthly Labor Review (Washington, D.G..
Ayrit 197, 7
* Exeeutive Office of the President, The Budgerof the United Stotes Government, Fisgal Year

1477 (Washinglen, D.C. 20402 Supt. of Documents, U8, Government Prinling Office, 1976),

* Product shipments include the valug of individual products shipped irrespective of the

industry coile uf the establishmenl shipping them,

# Industry shipments include not only the output of a plant of products classified in the
industey (primary products) but of praducts classified in other industries as well (serondary
produgls),

7 The sales projections fur R&D-perlorming manufacturing wompanies are haged on 2-and 3.
digil industrins, A 4-digil industey is a subindustry to 1 2- and -digit industey,

industry shipments. For some 4-digit industries, however, sales
projections were made on a produc! shipment basis since industry
shipment dala were nol available.

2. It was assumed that all 4-digit industries for which 1985 sales
projections were not available would increase ot an annual rate equal
lo the weighted average of the 4-digit industrics for which data were
availobly, The U8, Industrial Outlook does not make sales projections
for all 4-digit industries; only the larger ones are shown, Forthe 2-and
J-digit industries—chemicals, machinery, electrical equipment, motor
vehicles, airorafl, and instruments—for which R&D projections are
being made, sales projections have been made for the 4-digit
subindustries which accounted for between 80 percent and 85 percent
of the 1974 sales of these 2- and 3-digit industries.

3. )t was ussumed that the relationship between the growth in
enterprise? sales and the growth in establishment ' sales between 1974
and 1965 would remain the same us existed between 1958 and 1967.
The US. Industrial Qutlook sales projections were made on an
establishment basis and had to be converted to an enterprise basis to....
be comparable to the R&D data. For each industry, therefore, a
comparison was made for the years 1958-67" between the growth in
enterprise sales data from the Enlerprise Statistics and the establish-
ment sales figures from the Census of Manufacturers,  both published
by the Bureau of the Census, Department of Commerce (table4), Thege
ratios were thenapplied to the average annual change in Commerce
1985 sales on an establishment basis to obtain an average annual
change on an enterprise basis for each industry.

* 10 1974 sales un a pocdued shipmenl hases aceounted for about 10 pereent of the lolal 1974
sitles. Thy 2-(ligit primary metals industry accounted for victally all of this amount,

" Each operating plant of a company s classified independently intu a specific industry,

" Al plants of i company are canse lidated into one reporting unit and the eatire company is
clugsified inlg & spenific industry, | o

" Although some data are uvailable from the Census of Monufactures for 1972, data from the
Enterprise Statistics for this year will nol be available until mid-1976.

" Special Irgatment had Lo b given the petroleun refining and exiraction industry (SIC 20
and 13]. TheGensus sales figures for 1958 and 1967 did ot include Industey 13 (CrudePetroleum
inil Natural Gas). Data for this industry were derived {rom Censis of Mining duta for the yeass
1958 ancl 1987, Fur these yoars, the sales dala for the crude potroloum undl nulural gas induslry
wereadilod t Lhe Census total for pelraleum relining and related industries (SIC 29). A combined
total fur the two major 2-digit industries were oblained, Crude petroleum and natural gas made
up 43 percent and 44 percent, respectively, of the combined 1ntals, It is assumed (hat this
relationship ¢lill holds, .

"




4. Since the sales of R&D-performing manufacluring companies
increased al about the same rate as the sales of all companies (R&D
performers and non-R&D performers| on an enlerprise basis over the
1958.67 perlod, it wos assumed that sales of RED performers by
industry between 1974 and 1985 would increase at the same rate ds
lotal enterprise sales over the 1974-75 period. The 1074-85 growth
rates for total enterprise sales were then applied to the 1974 R&D
performers sales data to obtain 1985 sales estimates for R&D-
performing manufacturing companies (table 5],

Nonmanufacturing

Since historical R&D data are not available for individual non-
manufacturing industries, the nonmanufacturing sestor was treated s
an entity. In addition, there is little in the way of projected data for
nonmanulacturing industries which can be related to research and
development. The Commerce Department, while making sales projec-
tions for some nonmanufacturing industries, did not project those
nonmanufacturing industries most heavily involved in R&D activities
(engineering services, commercial R&D laboratories, and electricaland

gas services), Therelore, the techniques used o project manufacturing

R&D activities based on sales could not be used for the nonmanufac-
turing sector, Data for nonmanufacturing industries were derived in
the following manner. For the years 1967-74, ratios were computed
relating industrial financed research and development in nonmanufac-

uring industries to company R&D spending in manufacluring

industries. Linear trend regression was used to extend this ratio to
1985, Based on discussions with industrial R&D officials, and

1 Deparlmen] of Commeree, Bureau of the Census, Enterprise Stalistivs: 1967, Part |-
General Report on Industrial Organization (Washinglon, D.C. 20402 Supt. of Documents, U.S.
Government Printing Olfice, 1972).

considering the growing R&D involvement of many nonmanufacluring
companies, particulacly in the utilities industry, this ratio of 3.0
percent was expected (o resull in a reasonable 1985 approximation.
This ratio was applied to the manufacluring R&D total {obtained by
summing the R&D estimates of the individual manufacturing in-
dustries) loarrive at estimates of nonmanufacturing R&D data forthat
year (lable 6).

Ratio of nonmanufacturing R&D to manufacturing REXD:
1967-85

n OB 1985

S0URCE: National Sclence Foundation.




FEDERAL GOVERNMENT

< As shown in table 1, Federal R&D funding is projected in 1972
-~ dollars al $19.3 billion in 1985, up 33 percent from the 1974 figure of
8145 billion. The major factor behind this increase is the projected
increase in defense spending by BLS. Defense spending accounts for 70
- percent of the Federal R&D total. The 1985 projection was derived by
~ relating historical data on Federal funds for research and development
. and Federal purchases of goods and services, Through the use of
 regression analysis, the resulting ratio was applied to 1985 projections
~of Federal purchases of goods and services.

Since Federal research and development can be viewed as a
purchased commodity or service, it was assumed that future R&D
funding levels are predictable when related to expected Federal
purchases of goods and services. Tb test this assumption, these two
 series were compared from 1953 to 1975, the last year for which final
R&D data are available {table 7). Each series was converted to 1972
dollars by using the GNP price deflator for Federal R&D spending and
- the Federal purchases price deflator for Federal goods and services
(FCE) bef@re lhe twn series were related.® The GNP price deflator

Fedaral RED/Federal purchases of goads and sarvlces. 1956 75
(B|I||nns of 1972 dollars)

Percent ] e ‘-;,f;:f_,‘ S

fEL éapa_lﬁpﬁ ﬁHﬂﬁf[ﬁ a.nabusad-bnansiant

 §354.5 uru.;llull!ﬁ IG I L{;lcu [144 hUIIVELl

. Federal purchases of goods and services from current to constant
- dollars since Federal purchases of goods and services include many
~ activities other than research and development, such as defense
operalions and maintenance, construction, payroll, etc, which
contribute to a higher price deflat urfurFederalpurchasasafg' odsand
services than for the overall GNP, In the absence of a true R&D cost
index he GNP pricedefla oris usedtuconver Fede‘“lR&D spendmg
the ef fects of price changes furall goods and servicesin the econnmy, 1t
is considered a reasonable indication of changes in R&D costs.»

" Department of Labior, Buresu of Labor Sialistics, Monthly Lubor Review, op. cil.
1 The GNI and GCS price deflators are developed by the Department of Commerce, Burea

ol Economic Anﬂlyals Survey of Gurrent Business Washington, DG, 20402, Supl, of Dncuments:

U.S. Government Printing Office), publishad monthly,

1 For example, see National Science Foundation, A Price Index for Beflation of ALﬂd()mlr
RBD Expenditures (NSF 72-010] |Washington. 1.C. 20402 Supt. of Ducuments, U.S. Govetnient
Printing Officy, 1972) or Helen &, Milian, "Cost of Ressnrch Index, 1920-1870," RAC-TR-430,
~ MeLean, Vir; Research Anulysis Corporation, [uly 1971,

Federal R&D
=
i
i
E

howwowowom
Federal Purchases of Goods and Services

SOURGE: National Scisnce Foundation,




The relalionship between Federal R&D spending and Federal
~ purchases of goods and services has remained relatively constantat 15
 perdent since 1960. The increase from 1962 to 1985 to over 17 percent

was altributable to heavy short-term Federal R&D investments in
space activities. During this period, the National Aeronautics and
Space Administration's (NASA) R&D spending increased by a factor
of 4,

From the data in table 7 a scatter diagram was prepared to

determine the nature of the relationship between the two series, By
eliminating outlier data for the years 1053-55, the relationship for the
remaining years can be described by Federal R&D expenditures (y)=a
log Federal purchases of goods and services (x) + b, The slope, a, =
50,200 and the intercept, b, = -66.269; the coefficient of correlation .=
81, The estimating equation line has been plotted on the scatter
diagram, |

wo series could change. For example, if 1953-59 data were eliminated,
 theperiod when Federal R&D was experiencing significant growth, the
relationship could take the form of y=ax +b, ory=alogx +b. Since the
resulting equations had somewhat lower correlation coefficients, they

By eliminating data for earlier years, the relationship between the

However, BLS expects a turnaround in defense spending begin-
ning in 1976 and continuing for at least the next 10 years. Defense -
spending accounts for 70 percent of Federal purchases of goods and
services, and defense cutbacks between 1968 and 1875 were the
primary cause behind the drop in Federal purchases of goods and
services during that time. Increases in defense spendirig over the next
decade are expected to be the major factor behind the projected
increases in Federal R&D spending.

~ These BLS expectations are consistent with information shown in

ihe fiscal year 1977 budget of the U.S. Government. Forecasts of
defense outlays, which have a 99 correlation with defense spending
over the 1969-75 period, show a 3-percent constant-dollar average
annual increase between 1975 and 1981 with emphasis on increased
surface/naval capabilities, continuing modernization of equipment,
and development of a new ICBM, It should be noted that date after
fiscal ‘year 1977 are long-range plans of the Government, Between
fiscal years 1977 and 1981, these plans call for an average annual

increase of 4 percent in defense outlays.

pre-discounted-inthe.projections of Federal RS{D,SDEDQiﬂE to-1985,

By usingonly datafrom 1067 on, the relationship takes theformy =
ax + b, yielding an estimated Federal R&D figure of about $9 billion for
1985. Even though this time period resulls in an estimating equation
with a higher coefficient of correlation, it was discounted because of
the limited time period covered, and because of the unrealistically low

Federal R&D result for 1985,

BLS has projected Federal purchases of goods and services [0 1985
in 1963 dollars.” When converted to 197 dollars, the BLS estimate s
§15.5 billion, At first glance, this estimate may appear somewhat
high. Between 1975 and 1085, BLS estimales these expenditures to
increase by nearly 3 percent per year. This follows the 1968-75 period
when Pederal purchases of goods and services experienced an average
annual decrease of 4 percent a year.

S —————

" Department of Labor, Bureay of Lisbor Statistics, Monthly Labor Review, op. cit,

'App'iyin'g’thi’s*estimat_e-aESﬁi%SrﬁﬂbiHien»to=the=es-t~ima—tingequationﬂ
tesults in 1985 Federal R&D estimate of $19.3 billion, or 15.4 percent
of Federal purchases of goods and services during that year, The .
relationship between Federal R&D spending and GNP would continue
lo decrease from 1.2 percent in 1975 to 10 percent in 1685. Using a
different methodology, which has been updated to include data since
1972, C. E. Falk® arrived at a somewhat lower 1985 Federal R&D
estimate of around $15 billion by assuming a constant-dollar leveling
in defense spending after 1677, On ihe other hand, if overall Federal
R&D spending increased to 1985 at the 1975-77 current-dollar rate of 10
percent annually and then converted to 1972 dollars,® Federal R&D
spending would amount to around §24 billion in 1985,

 Charles . Falk, *Dynamics and Forecasting of R&D Funding,” Technalogical Forecasting
an Social Change, 1974,

i Asgumes Inflation rate of 4.8 percent annunlly. See page 11 for discussion on thederivation
of this rate,




- Distribution by Performer

tal for 1985 was
. determined, a slep thal went beyond the
. Federal R&D projectibns was underlaken.
This step altempled todistribute the Federal
R&D total among the sectors where the work
- is tobeperformed. It should be nated thal the
distribution of Federal R&D spending by
- performer has no effect on the total national
- R&Deffort, 1t is useful, however, in giving an
indication of where this Federal money is
likely to be spent, |

Once the Federal R&D lot

As shown in table 8, the distribution of
Federal R&D spending was examined over
the period 1953-76. The distribulion of
Federal R&D funding in the early fifties was
- undergoing dramatic change, particularly

that portion of Federal research and develop-

Distrlbution of Fderal R&D funds, by sector: 195385

-Fgrcent
]

o
Y

5

5 !ﬁ‘éfii!d

ment performed ‘within Federal laboratories
and industry. This shift between industrial
Government intramural performance oc-
+curred when the Federal Government began
to look beyond its own laboratories to
industry asasource of research and develap-
ment. Before World War II, the Federal
Government carried oul ils research and
development almost entirely in ils own
laboratories. In response lo war-generated
needs, a number of Federal agencies,
* primarily the Department of Defense (DOD)
and the Atomic Energy Commission (AEC)
began to expand sharply their contracts with
organizations in the privale sector. Because

this produced a substantial change in the

pattern of distribution of Federal R&D funds
among seclors, it was decided not Lo use the
1853-56 data in the analysis.

'ederal mtramural

versities
0 ated

i FFRDC’s estimated

SOURCE: National Sciance Foundation.

niversity-associated
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The data from table  were analyzed

~~Whilethey-show-some lingar 90-yetl0ng———2- CORLIRNRLLOD n_of_the linear lime series

irends, use of linear extrapalation seems
" unsuitable for sveralreasons, The ractons
of Federal R&D funds going to universites
. and collegs, other nonprofitorganizations
and Pederal intramural efforts have remaln-
od telatively constant over the. 106778
perod, parliculaly in he later par of thig
intenval There areno ndications thal tnes
~ regent trends will change, Conseguently,
was assumed that these proportons woul
he the same in 1085 as they were in 1978
* This automatially has the effct of als
maiataiing the share of ederal R&D funds
going to industry al the 1978 praporionl
level, s ending & long-term declne. This
 change in nend i quiteconsistent with the
axpeted neeasinglnvolvemenlofndusty
i Fedoal enengy and defense RAD
IOgrems,

For Federal intramural R&D pecformance,

Singe Federal R&D funding at nonprfit -
intituions historically has been sightly

resuls in a level of 39 percent of the fofal,
Ginge 1971, however, Federal intramural
performance hes remained fairly constant
and hasaveraged 28 percent over this period.
It was assumed that this ratio would remain
oonstant in 1985, The univensity and college
associaled Pederally Funded Research and
Development Centers (FFRDC') Federa
R&D performance s estimated fo be §
percent of otal Federal RAD spending for
1085, This raio was based on the histrica
relationship between Federal RD perfor
mance of universtes and thelr assocated
FFRDCS during the 1967-76 period when
Federal R&D.spending in universily and
collge-assecialed FFADCS averaged [os
than ongehell of Federal R&D spending in
universities and colleges |

lower than that of university-associaled
FRRDC', their Federal effort was estimated
3145 percent of ot ederol RAD spending
for 1985

The amount alibuted o universily-and
eollegeassociated FFROCS and nonprofit -
intlutions was oblained by sublracting
the amaunt estimaled for the other sectors -
rom the projeted Federel RAD tolal This
vesulled in 21985 levelfor these two sectors
of 9.5 percenl,

The adjusted 1085 distribution: was.
applied 1 he Federal RED lotels o oblin |
Rederal RAD performer data for that year
(1able 9,

Y




~ UNIVERSITIES, COLLEGES, AND
 OTHER NONPROFIT INSTITUTIONS

These two sectors perform a small but vital role in the Nation's
total R&D effort, In terms of the type of activity undertaken, they
 account for nearly 70 percent of the total basic research performed in
the United States. In terms of the level of funds provided for research
and development, however, the combined funding from all non-Federal
sources in these two sectors accounts for less than 5 percent of the
total. For this reason, projected R&D expendltures foruniversitiesand
colleges and other nonprofit institutions will have a small impact on
national R&D projected amounts.

Universities and Colleges

R&D funds provided to institutions of higher education are

—pgjected-lo-inerease-to-83:2-bitlion-in-1985-in-1972-dollars-from-the——-—Wii H'rrEgﬂf‘d"tU*t‘hE“H‘rreE“nﬂDiF ‘ederat-sources of-R&B-funds-im—

1974 level of §2.6 billion (table 2).

The. relation between R&D expenditure trend data and selected
indicators of campus activities—such as graduate enrollment,
educational spending, or doctorate production in the sciences and
engineering~was initially examined as a means of projecting R&D)
expendilures for this sector. For example, both graduate enrollment
and docloral production in science and engineering fields are projected
to decrease slightly between 1973 and 1985 if recent trends continue
while educational spending is expected to increase in constant dollars
by 1 percent annually between 1975 and 19854 However, based on the
relative small size of university R&D spending as compared to overal
US. R&D spending, it was decided to use historical trends in
university R&D spending as the basis [or these projections,

@ National Stience Fuundation, Projections of Digries ondd Eneollment in Science and

Engineering Fields o 1905 (NSF 76-301) (Washingtan, D.C. 20402 Supl. of Documents, U8,
Governmen! Frinting Office, 1970),

' 4 Depaiment of Commeree, U5, Industrinl Outhook, 1976 {Washinglon, D.C, 20402 Supt.of

Doruments, U.8. Gavernment Printing Offive),

Recent developments in the financial situation of universities and
colleges in general have become a cause for major concern among both
private and public institutions of higher education, For example, a
recent spemalrepor byt heAmerwanCnunmlanEducatmnstates. they

that prugressxve detemora,mn has been Gccurrmg in the financial ¢
) b,

conditions of higher education as a whole in recent years. Furthermore,
the process of decline appears to have accelerated during the past three

yearsunderthejoint influence of inflation and recession inthe national -
economy,"? Another study found that "Among universities, major ~ -

research institutions appear to have been hardest hit by cutbacks in
pubhc funds." Thereduced rate of growth in R&D support s a product
of these developments,

universities and colleges, which include nonprofit institutions,
industry, and institutions’ own funds, analysis of the R&D spending
patterns over the 1970-75 period in terms of constant 1972 dollars
show that most of the growth in the non-Federal sources of R&D funds
took place prior to 1972 (table 10). Since that time, the rate of growth
slowed considerably before increasing again in 1975, Based on these
recent trends and on analyses of the financial condition of universities
and colleges, such as those cited above, the 1985 level of R&D spending
in unjversities and colleges with non-Federal funds were projected at
the 1972-75 average annual growth rate

# | ,yloH. Lanier and Charles |. Anderson, A Study of the Financial Condition of Colleges and
Universities: 1972-1975. (Washington, D.C: American Council on Education, October 1975), p.
75,

o National Commission on the Financing of Postsecondary' Education, Financing of
Postseconddaty Edueation inthe United Staies (Washington, D.C. 20402: Supt, of Documents, .5,
Governmen! Printing Office, December 1973),
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thier’l\]'onpmfiit Institutions

Nonprofit institutions are expected to spend, as measured in 1972
constant dollars, $1.3 billionin 1985 on R&D activities (table 2). Thisis
up from $1.1 billion in 1974. The Federal Government, which financed
slightly more than two-thirds of the nonprofit 1974 total, is expected to

account for a slightly higher share in 1985.

The two non-Federal sources of R&D funds in nonprofit in-
stitutions include industry and other nonprofit institutions. The R&D
“spending patterns of these twosources were analyzed over the 1968-75
“period in terms of constant 1972 dollars {table 11). Over this period,
R&D spending by the two non-Federal sources of R&D funds has
remained relatively level. Based on this factor, the 1985 R&D estimates
_were maintained at the 1975 amounts.

"
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Table 1~Tolal RED funds, by source

[Milians of 1972 dollars]
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Table 3.—Industry-financed RAD/sales rallos

sy R A

Al A - 22 22' 20 21 20 W 19 20

+ Chemlcals:
Industrial ..o 39 36 38 36 33 32 30 27 35
Orugs andmedicine .............. 79 7 o7 14 72 12 1 3
Qe e 21 QO 19 17 18 17 18 14 15

Machinery .....ooooovvinienienis, 32 31 3,3 3 32 3.2 ;3.4 3.4 13
Elegircalequipment ............... 1§ 37 6 3 18 38 s 3 18
Molorvehicks ..................... 25 23 25 28 28 28 P I 10
Argrall and missiles ............... 40 37 2 13 3 28 28 315
Instruments;
Seentile oo, 05 25 23 24 16 27 24 24 25
Opticaland ther ...,oovivn 39 44 (4 45 48 49 5!1 51 &1

Alother nanclicloting oo 8 8 8 8 7 & 1§ 7

Mots; AII manufacturmgR&D/salearahasfor QEOtmEEwareaslanuws 1960,1. Bparcenl 1951 18percam 1962 1 ﬁpercent
1963, 1.9percent, 1964 20 percent; 1965 20 percent; and 196, 20 percent,
Source National Science Foundation,

Tﬁble A —<Enterprige/eatablishinent sales comparaons

[ Dollars in milflons]

) o Emerprlse - _Estafb_riia;hmfeni’ 7 7
Enterprise
Annual Annual change/
percent percent  astablisment
Industry 1968 1967 change 158 1967 change  change

Allmanulac(unng $33§ 935 $581 092 e 53383é1$574 84 =

bl oo, DT BB~ 218 QB - —

NG e L4 2LB1 TAA NTH0 2147 687 108
Orugs andmedicines,............ 274 4973 6§ 918 532 662 p 100
0]/ 7713575 13543” 623 B3 f54W 0 2

Machinery ...oooviivnininnins, B9 4], 122 8.1 227’95 43477 B4 M
Eleciricalequipment . ............., 21,685 51,86 1042 18548 43361 926 109
Molorvehics .........oooveevn ., 22804 410668 B7 25073 47488 T35 118
Arcraftand missiles ..o.vvvin.. 134120 33383 8.7 16903 30312 671 14
shuments.. ..., 4778 11318 = 4419 9807  -— -

Gudnttle ..o o, 1852 3216 BA2 183 3014 578 108

Optialand oer .,..c.ooocoo 3907 8719 1200 250 681 14 105

AL S TEEUTNG o %9 BB 4 '526]491 3'53_13_1 56 B
Note - represents not appllcable
Source LS. Depariment of Commarce,

[



Table 5.—Sales aslimates; 138

[Milions of 1972 dollars Table 6.~Industry RAD estimales: 1974-85
- %974;85 ' ’1974555 [Millions af 1972 dollars]
aniual  Enferprise  annual — R -
percent  change/  percent - Industy 1974 1085 -
change establish-  change , Allindusties .....ovr $12082  $17,500
{establish-  ment  (enterprise Sales of RAD _ S ———
Industry ment basis) change  basis) performers Manufacturing ...vo0e, 1181 17,080
e — - L __TSBS — Chemicals .o vevrise.., 1,850 3410
Almanfactufing , ocoon = == —— S04 BRM5 G e 85 1800
— ;, "_: o e Al Drugs and medicines . . 600 800
Ehemu‘;als prereripiendiEEe _ 54'902 100'645 — Dmﬁf . 285 510
(NUSIE voevevererinns T4 1.08 4,04 hig MMM P ———
Drugs and medicings ... 361 1.00 361 830 12,190 Machinery .............. 1836 2,660
Other ...ocovvvvivnn 482 89 420 2138 .58 Electrical equipment .... 2503 3140
_ e Motor vehicles .......... 1414 2420
Machingry ... 383 Mo 380 weN 00 Aircratt and missifes ..., 1,008 830
Electrical equipment ..., 202 108 220 6ag% 47,078 INSHUMENS + .+ vereevenss 700 1,060
Molorvehicles ", .. ........ 227 114 259 60,901 40683 . — e
Arcraftand missiles ... -58¢ 13 A5 6588 BT Scintiie . .vrvvvoes o 170
RSO oo === 1500 25020 Optical andother ... 62 80
Scientific ..ooooooor. 545 108 589 369 688 All other manufacturing . 2,091 3530
Oplical and alher ...  3M 105 361 12241 18,080 = S -
M — S ——— Nenmanufacturing ........ in 510
All other manufacturing ... 303 98 297 AW 471085 — N —
- - - — S - Source: National Scienca Foundation.

Note: —— represents not applicable.
Source: National Science Foundation and .5, Depariment of Commerce.




Table 7.<Faderal RAD/Federal goods and services: 1953-7%

(Dollars in millians]

Table 8.—Percent diatribution of Federal research
and development, by performer; 1953-76

-Cur:['é-mmaullars ~ Price daffaor 7:1 1972 dollars o ) - U-ﬁ.i\-r-ér_sity _
Goods and Goods and Goods and R&D/Goods Fatl Univer- aﬁddcal@ge ch?’r
Year  sonices RAD  services RAD  services  RAU and sevicos ol siles and asso- - nonprofit
e e e T — e R&D Federal and ciatad insti-
:ggg . 15 275 ggg gggs 51;;2 54223 ;; Year toll ntramural Industry colleges FFRDC's  tutions
h | 479 3138 5969 h4h . T T — = R B
1966 . M5 380 512 6098 69 GIM 66 }gg} e o ggg 5;3 i woou
1956 459 4850 WA 6290 859 IS5 90 ol e gg 1 ja o 2-1
1957 ..., 80 6119 557 6502 8 94 105 W e B mE o 0 1;
1998 . 519 6,791 581 66.06 828 10,280 1.1 e N T " :
1957 ... 1000 199 708 37 39 1.6
1959 519 8058 587 57,52 98 1188 130 . o - ]
190 ., 57 8% 501 6867 08 1235 140 g o ey YA S
1961 .., 574 9264 60D 6928 856 1232 19é0 """""" 'IDGD 19'7 EEIS 45 4'1' 2'1
1962 ., B17 6926 618 1055 1031 14,069 13.6 195i ' 10&0 26'2 574 5'4 &'4 2i6
1963 ., B46 11,219 832 1159 1022 156N 153 19&2 1(560 §1'1 E4iE 52 4'7; 31
1964 .. 65,2 12553 651 12N 1006 17464 172 o ' N o - i
5. 613 BHS B0 MR 05 TSN 1d T e e W
186 ..., 788 13930 700 1876 1125 1836 182 1'955 T 1'060 23'? 594 92 43 35
1967 ..., 909 14420 725 79,02 153 18248 146 1955 1DDD 23'0 59‘5; 90 4'5 3'9
1968 .. 980 14882 764 §257 1283 18008 141 1§E? e 1ﬁ(:)l0 éalg SBD 9l8 4!’,. 4'6
1968 .. 875 14914 800 86.72 1218 1719 14.1 o h B ' '
1970 956 14764  B6d $136 107 16180 146 68 1000 24 §72 105 48 4
9 | 92 WM 926 0602 1030 (50 150 ;gsg ;'ggg §gf gg; ;?; zg gg ‘
1972 .. 021 15887 1000 10000 1021 1584 15.6 ISR - = e = i
" n 1n3 - I . . ~ . 1000 2 512 115 48 4.8
1978 1020 16437 1081 10592 . 961 15514 16.1 19 1000 242 607 116 i 47
1974 m7 16887 1176 116.20 85.0 1458 153 ' Trmeen ' ' ' ' '
1975 | 1232 18577 106 18BY 943 14700 156 107 1000 %1 500 124 50 45
RSP l 1974 100.0 285 193 120 51 50
‘ Sources: National Science Foundation and U.5, Department of Cammerce. 05 0 205 93 123 53 16
1976 . vienensn 100.0 278 50.7 122 84 4.0
Lf‘neaf eizf&néién B ]
1985 ........... 100.0 3 3.1 182 58 6.8
Linear axtension :
adjusled
1985 ..., 100.0 280 0.5 120 a0 45

Note: Deléil may not add to total bacause of rounding,

Source: National Sclence Foundation.
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Tablg 10-~Nan-Federal expenditures for research
and development at universities and colleges,
by source: selected years

[Millions of 1972 dollars)

{Other
Universi- nonprofit
flesand  insti-

Year Total Industry colleges  tutions

1966 ... 501 8% §395 §1d
90 753 b7 505 181
w2 438 I 576 187
873 . 846 B 576 189
1974 ... 850 83 519 188
975 ... 875 1 590 198
1985 ..., 1020 140 840 240

]
Table 9~Federal research and development, by perlormer
[Millions of 1972 dollars]
'Unrive'ri- Universiiy Dthsrrri
Total siies  andcaliege nanprofit
Federal  Federal and  associated  insti-
Year R&D  imtrarmurdl Industy colleges  FFRDC' tutions

W s s SISm0 Se §7A
08 j900 5400 90 2310 965 W78

Source National Seience Foundation.

Source; National Science Foundation,

Tahle 11.~Non-Federal expendifures for research
and development at nanprofil inslitutions,
by source: selected years

[Mitlions of dollars]

. (jther '

nonprofit

ingti=

¥ear Tolsl  Industry  tutions
1968 ...... e D320 588 240
1972 s 365 108 27
1973 e, 64 108 256
194 . 4 103 241
1978 ooiiiiinve.: 336 9 2
1 . u0 100 240

Saur_ca Natigﬁél Science Féuhdétian_.
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